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716Objective:We performed echocardiographic tissue tracking to investigate whether mitral valve repair preserves
left ventricular function.
Methods:We studied 16 subjects without heart disease (11 male; mean age, 54.6 15.1 years) and 18 patients in
normal sinus rhythm undergoing solitary mitral valve repair (12 male; mean age, 53.6  16.6 years). Transtho-
racic echocardiography was performed before and after surgery, and left ventricular apical and basal short-axis
images were recorded. Left ventricular rotation angle was measured with off-line Vector Velocity Imaging
(Siemens Medical Solutions USA Inc, Mountain View, Calif) at each slice level.
Results: Left ventricular ejection fraction was significantly higher in the control (68.4%  3.6%) and preoper-
ative groups (70.9%  6.5%) than the postoperative group (59.4%  11.4%, P< .05). Left ventricular end-
diastolic and end-systolic volumes were significantly greater in the preoperative group than the control group
(130.0  41.5 mL and 41.6  16.6 mL vs 80.0  16.7 mL and 26.6  9.2 mL, respectively, P< .05). Left ven-
tricular end-diastolic volume normalized postoperatively. Left ventricular twist was significantly greater in the
preoperative group than the other groups (11.7  4.1 versus 7.1  3.8 and 8.2  5.7, P< .05). Left ven-
tricular twist did not differ significantly between control and postoperative groups. New York Heart Association
functional class improved from 1.6  0.5 to 1.0  0.0 after surgery (P< .05).
Conclusions: Although preoperative left ventricular ejection fraction seemed normal, left ventricular twist was
greater. Left ventricular twist normalized after surgery, suggesting that it preserves left ventricular function.
(J Thorac Cardiovasc Surg 2011;141:716-24)Mitral valve repair (MVP) is considered the criterion
standard for surgical repair of nonrheumatic mitral valve
insufficiency. MVP has a low incidence of reoperation and
complications and preserves left ventricular (LV) function.1
In addition, MVP is superior to mitral valve replacement in
terms of long-term survival.2 Preservation of the mitral valve
complex, which consists of the leaflet, annulus, chordae,
and papillary muscle, plays an important role in preserving
LV function after MVP; however, the complete reason that
MVP is better at preserving LV function remains unclear.3
Measuring LV twist has been possible but difficult; how-
ever, recent studies on echocardiographic tissue tracking
have brought another perspective to this LV function.4 To
understand LV twist, Taber and colleagues5 proposed
a model of helical layer architecture composed of obliquely
aligned muscle fibers. It showed that on the one hand the
contraction of the epicardial fibers will rotate the LV apex
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The Journal of Thoracic and Cardiovascular Surgwhereas on the other hand contraction of subendocardial re-
gion will rotate the LV apex and base in exactly the opposite
direction. We can now easily assess LV twist with the
2-dimensional (2D) tracking method.
Many studies have claimed that MVP is superior to mitral
valve replacement in preserving cardiac function.6,7 These
studies have reported that MVP reconstructs or preserves
the mitral apparatus, which may be a major reason for the
preservation of LV twist after surgery. Perioperative
changes in LV twist have remained unclear, however, so
this study aimed to examine these changes in LV twist and
cardiac function before and after MVP.MATERIALS AND METHODS
Study Population
Thirty-four adults were enrolled, and the data were acquired from June
2006 to October 2008. All subjects provided informed consent before un-
dergoing clinical examination to evaluate valvular heart disease or exclude
other cardiac disease. The control group consisted of 16 subjects (11 men
and 5 women, mean age 54.6  15.1 years), and their inclusion criteria
were as follows: (1) no evidence of structural cardiovascular disease by
2D echocardiography, (2) LV ejection fraction (LVEF) greater than 60%
according to the modified Simpson method, (3) no evidence of atrial fibril-
lation, (4) no evidence of bundle branch block, and (5) normal blood pres-
sure. The MVP group consisted of 18 patients (12 men and 6 women; mean
age, 53.6  16.6 years) who underwent MVP because of nonrheumatic,
pure degenerative mitral regurgitation (MR). The mean MR grade was
3.9  0.3 (grade 3–4). The patients in this group had no other underlying
diseases, with well-compensated degenerative MR, and underwent only
MVP. As shown in Table 1, there were no significant differences between
the control and MVP groups in age or body surface area. This study was ap-
proved by the institutional review board of our hospital.ery c March 2011
Abbreviations and Acronyms
2D ¼ 2-dimensional
CRT ¼ cardiac resynchronization therapy
HR ¼ heart rate
LV ¼ left ventricle
LVEDV ¼ left ventricular end-diastolic volume
LVEF ¼ left ventricular ejection fraction
LVESV ¼ left ventricular end-systolic volume
MR ¼ mitral regurgitation
MVP ¼ mitral valve repair
SV ¼ stroke volume
VVI ¼ Vector Velocity Imaging
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DSurgical Procedures
Our surgical indication was chronic, severe MR with a simple lesion in
otherwise symptom-free patients with good LV function. Because of our ex-
tensive experience in this field, we believe that these patients were suitable
for the operation.
The surgical procedures are listed in Table 2. All patients underwent me-
dian sternotomy and standard cardiopulmonary bypass under normothermic
conditions. They also underwent an annuloplasty. Seven of the 18 patients
underwent an artificial chordae procedure. The operations were uneventful,
and nomajor postsurgical complications occurred. Tomaintain consistency,
concomitant and MVP procedures that affected LV dimensions were not
performed.
Echocardiography
All subjects uneventfully underwent standard echocardiography before
and after surgery. Echocardiographywas performed by an experienced tech-
nician. LVEF (as a percentage), LV end-diastolic dimension (in centime-
ters), LV end-systolic dimension (in centimeters), LV end-diastolic
volume (LVEDV in milliliters), LV end-systolic volume (LVESV in milli-
liters), LV stroke volume (SV in milliliters), and effective regurgitant orifice
area (in square millimeters) were evaluated before and after surgery. Heart
rate (HR) and systolic and diastolic blood pressures were also measured for
accurate evaluation of hemodynamic condition and MR. Cardiac output
(CO, in milliliters per minute) was calculated as SV3 HR. Echocardiogra-
phy was performed 1month before surgery and approximately 2 weeks after
surgery. The 2D data sets of the 2 LV short-axis planes at apical and basal
levels were acquired with harmonic gray-scale imaging with a commercially
available ultrasound transducer (3V2c or 4V1c, Sequoia c512; Siemens
Medical Solutions USA Inc, Mountain View, Calif). We used our internal
landmarks to acquire the proper short-axis view such that the basal short-
axis plane contained the mitral valve and the apical plane was acquired dis-
tally to the papillary muscles. As van Dalen and associates8 reported, if the
apical short-axis image is obtained near the midventricular level, LV apical
rotation may be significantly underestimated. We therefore changed the
transducer position to 2 intercostal spaces more caudal, as van Dalen and
associates8 previously reported. At each plane, 3 consecutive cardiac cycles
were acquired at a frame rate of 42 Hz during breath holding, and the images
were digitally stored on a hard drive. These images were exported to a per-
sonal computer and were analyzed off-line with customized software.
Vector Velocity Imaging Analysis
The off-line Vector Velocity Imaging (VVI) software (Syngo; Siemens
Medical Solutions) provided regional functional information by using
a tracking algorithm to estimate myocardial velocity at a set of points on
a contour in a 2D sequence of B-mode images (Figure 1). EndocardialThe Journal of Thoracic and Caborders were manually identified in a single cineloop frame, and the borders
in other frames were automatically generated, thus enabling the operator to
alter any of these contours. The borders were tracked throughout the cardiac
cycle by the speckle tracking method. The direction of the vector velocity
indicated the direction in which the tissue was moving. Because circumflex
velocity indicated the rotation of a point, VVI measured a rotation angle that
was calculated from circumflex velocity with the center of the LV as a ref-
erence point. The average rotation velocities of both LV basal and apical en-
docardiumwere obtained with off-line VVI analysis. Any counterclockwise
rotation, as viewed from the LV apex, was expressed as a positive value,
whereas any clockwise rotation was expressed as a negative value
(Figure 1). After this analysis, depicted basal and apical LV rotation data
points were exported to a spreadsheet program (Excel; Microsoft Corp, Se-
attle, Wash) to calculate LV twist. To adjust for intersubject differences in
HR, the time sequence was normalized to the percentage of systolic dura-
tion. End systole was considered to be the point of mitral valve opening ac-
cording to the M-mode. LV twist was calculated as the difference between
apical and basal rotation angles. Maximum LV twist values were compared
among the 3 groups.
To evaluate diastolic function of the myocardium, we evaluated LV
untwist (as rotation angle per second). Maximum LV untwist values were
also compared among the 3 groups.
Statistical Analysis
The variables are presented as mean  SD. The degrees of LV rotation
and LV twist and untwist were compared among the three groups with anal-
ysis of variance. Differences between the control and preoperative groups
and between the control and postoperative groups were tested with 2-tailed
Student t tests for unpaired data. The preoperative and postoperative groups
were compared with paired t tests. Repeated-measures analysis of variance
was done to evaluate the mean changes of twist angle, twist, and untwist
angle speed during the time course. These analysis were done with Stat
View (version 5.0; SAS Institute Inc, Cary, NC).
RESULTS
All operations were successful, and postoperative MR
grade improved to trivial MR (Table 1). The New York
Heart Association functional class improved significantly
from 1.6  0.5 before surgery to 1.0  0.0 after surgery
(P< .05).
Changes in preoperative and postoperative maximum
twist are shown in Figure 2. All but 6 patients had decreased
maximum twist after surgery.Maximum LV twist was found
in the preoperative MVP group (Figure 3, A). The maximum
values were 7.1  3.8, 11.7  4.1, and 8.2  5.7 in the
control, preoperative MVP, and postoperative MVP groups,
respectively (P< .05). LV twist curve in the preoperative
MVP group was also higher than that of either the control
or postoperative MVP group (Figure 4, A).
HR and systolic and diastolic blood pressureswere also de-
termined to evaluate hemodynamic performance (Table 1).
Postoperative HR was significantly faster than control and
preoperative HRs (85.6  6.8 beats/min vs 73.6  7.6
beats/min and 85.6  6.8 beats/min vs 66.3  8.2 beats/
min, respectively, P<.05). Systolic and diastolic blood pres-
sureswere higher in the control group than in the preoperative
and postoperative groups, except there was no significant dif-
ference in diastolic blood pressure between the control and
postoperative groups.rdiovascular Surgery c Volume 141, Number 3 717
TABLE 1. Patient characteristics
Group A Group B Group C P value
No. 16 18 —
Sex (male/female) 11:5 12:6 —
Age (y, mean  SD) 54.6  15.1 53.6  16.6 — NS
New York Heart Association functional class (mean  SD) — 1.6  0.5 1.0  0.0 B vs C<.05
Height (cm, mean  SD) 155.0  39.3 164.7  10.1 — NS
Body weight (kg, mean  SD) 59.9  10.5 58.3  11.9 59.4 11.4 NS
Body surface area (m2, mean  SD) 1.62  0.18 1.63  0.18 1.64  0.18 NS
Heart rate (beats/min, mean  SD) 73.6  7.6 66.3  8.2 85.6  6.8 A vs B .0112
A vs C<.0001
B vs C<.0001
Systolic blood pressure (mm Hg, mean  SD) 121.6  6.2 114.1  8.9 112.2  9.6 A vs B .0085
A vs C .0022
B vs C NS
Diastolic blood pressure (mm Hg, mean  SD) 69.8  6.3 62.9  8.0 71.6  9.1 A vs B NS
A vs C .0090
B vs C .0004
LV ejection fraction (%, mean  SD) 68.4  3.6 70.9  6.5 60.6  9.2 A vs B NS
A vs C .0028
B vs C .0006
LV end-diastolic dimension (cm, mean  SD) 4.5  0.4 5.5  0.5 4.5  0.4 A vs B<.0001
B vs C<.0001
A vs C NS
LV end-systolic dimension (cm, mean  SD) 2.9  0.4 3.2  0.4 3.0  0.4 A vs B .0197
A vs C NS
B vs C NS
LV end-diastolic volume (mL, mean  SD) 80.0  16.7 130.0  41.5 95.4  42.4 A vs B .0001
B vs C .0051
A vs C NS
LV end-systolic volume (mL, mean  SD) 26.6  9.2 41.6  16.6 38.1  16.4 A vs B .0043
A vs C .0227
B vs C NS
Intraventricular septal thickness (cm, mean  SD) 0.9  0.1 1.1  0.2 1.2  0.2 A vs B .0106
A vs C<.0001
B vs C NS
Posterior wall diameter (cm, mean  SD) 1.0  0.1 1.1  0.2 1.2  0.2 A vs B .0006
A vs C<.0001
B vs C NS
Mitral regurgitation grade (mean  SD) — 3.9  0.3 0.5  0.6 B vs C<.0001
Effective regurgitant orifice area (mm2, mean  SD) — 66.7  36.4 1.1  1.8 B vs C<.0001
Early/late ventricular filling velocity ratio (mean  SD) 1.9  1.0 1.5  0.7 NS
Cardiac output (L/min, mean  SD) 4.0  0.8 6.0  2.1 5.0  2.3 A vs B .0010
A vs C<.1174
B vs C<.0102
Stroke volume (mL, mean  SD) 54.2  9.1 90.9  30.0 57.8  25.6 A vs B<.0001
A vs C NS
B vs C<.001
Group A, Control; Group B, preoperative mitral valve repair; Group C, postoperative mitral valve repair; NS, not significant; LV, left ventricular.
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DLVEF did not differ significantly between the control and
preoperative MVP groups (Table 1). Postoperative LVEF
values were, however, lower than preoperative LVEF values
(P< .05). Postoperative LVEDV, which was smaller than
preoperative LVEDV, was almost identical to that of the
control group (95.4  42.4 mL). Preoperative and postoper-
ative LVESVs were larger than the control values. Although
the differences in interventricular septal thickness and poste-718 The Journal of Thoracic and Cardiovascular Surgrior wall diameter were approximately 0.1 or 0.2 cm, the
interventricular septal thickness (1.2 0.2 cm) and posterior
wall diameter (1.2  0.2 cm) were thickest in the postoper-
ative MVP group. Effective regurgitant orifice area
decreased significantly after surgery (66.7  36.4 mm2
vs 1.1  1.8 mm2, P< .05). Preoperative CO was signifi-
cantly greater than control CO (6.0  2.1 L/min vs 4.0 
0.8 L/min), and postoperative CO was decreased fromery c March 2011
TABLE 2. Surgical procedures
Procedures No.
Resection suture with flexible band 5
Sliding plasty with flexible band 3
Artificial chordae with flexible band 3
Resection suture with artificial chordae and semirigid ring 2
Artificial chordae with edge-to-edge and flexible band 2
Resection suture with artificial chordae and flexible band 1
Perforation closure with c1 plication and flexible band 1
P2 plication with edge-to-edge, artificial chordae, and flexible band 1
TABLE 3. Differences between groups with increased and decreased
postoperative left ventricular twist
Increased twist
(n ¼ 6)
Decreased twist
(n ¼ 12) P value
Twist ()
Preoperative 8.3  3.7 13.5  3.1 .0062
Postoperative 12.8  5.6 5.9  4.3 .0104
LV ejection fraction (%)
Preoperative 70.0  6.8 71.3  6.7 NS
Postoperative 63.0  4.9 60.1  9.8 NS
LV end-diastolic volume (mL)
Preoperative 119.8  28.2 144.5  49.9 NS
Postoperative 82.0  18.2 89.8  32.5 NS
LV end-systolic volume (mL)
Preoperative 38.5  10.4 47.1  19.8 NS
Postoperative 34.0  9.4 36.5  15.9 NS
All data are mean  SD. LV, Left ventricular; NS, not significant.
Kazui et al Acquired Cardiovascular Disease
A
C
Dpreoperative CO (6.0  2.1 L/min vs 5.0  2.3 L/min,
P < .05). CO did not differ significantly between the
control and postoperative groups (4.0  0.8 L/min vs
5.0  2.3 L/min).
Changes in SV showed a pattern similar to that of LVEF.
As shown in Table 1, SV was greater in the preoperative
MVP group than in both the control and postoperative
MVP groups (P<0.05).
To investigate the different pattern of LV twist changes,
we divided the postoperative group into 2 subgroups, the in-
creased postoperative LV twist group and the decreased
postoperative LV twist group (Table 2). We compared
LVEF, LVEDV, and LVESV between these 2 subgroups.
Although the differences were not significant, the decreased
postoperative LV twist group tended to have greater
LVEDV (144.5  49.9 mL vs 119.8  28.2 mL) and
LVESV (47.1  19.8 mL vs 38.5  10.4 mL).
Although the difference was not statistically significant,
LV untwist was faster in the preoperative MVP group
(91.0 54.2/s) than in the control group (54.9 34.2/s)
and the postoperative MVP group (76.3  40.7/s;
Figure 3,B). The changes in early/late ventricular filling veloc-
ity ratio were not significantly different and were within nor-
mal limits (Table 1). We considered the result of LV untwist
to be compatible with conventional diastolic evaluation. LV
twist and untwist velocity curves also did not differ signifi-
cantly among the 3 groups (Figure 4, B).
DISCUSSION
Characteristics of VVI
The concept that the helical fibers9 create cardiac muscle
twist and untwist during the cardiac cycle was recently pro-
posed and has been assessed by some studies with echocar-
diography and magnetic resonance imaging.4,10 This idea
has shed light on the concept of twist and untwist cardiac
functions, which had not been easily observed previously.
Because VVI is a relatively new method of measuring
myocardial velocity, intraobserver, interobserver, and test-
retest variabilities still remain to be verified for this method.
Some studies with VVI have reported that this method is re-
liable in terms of reproducibility (5%–7% variability).11
The feasibility and reproducibility of LV rotation parameters
measured by speckle tracking echocardiography with QLABThe Journal of Thoracic and Ca(Philips, Best, The Netherlands) were reported on by van
Dalen and coworkers.12 They stated that tracking points
placed midmyocardially were superior to tracking points
placed endocardially or epicardially. The method and the
software used are both excellent. VVI tracks the endocar-
dium because it is easier to track. In other words, the differ-
ence between the myocardium and cardiac cavity is clear,
and the epicardium tends to be affected by the lung. The en-
docardium is also more sensitive than the other positions in
detecting an abnormal cardiac condition.The History of LV Twist
Torsion of the LV during ejection phase was reported by
Arts and colleagues13 in 1984. They reported that 2D echo-
cardiography validates the presence of torsion in the normal
heart. Masuda and coworkers11 reported that the assessment
of VVI at mitral valve opening permits easy detection of
asynchronous wall motion during acute myocardial ische-
mia that cannot be diagnosed by conventional systolic wall
thickness measurements. According to their study, sensitiv-
ity was 100% and specificity was 89% for detecting coro-
nary artery occlusion. Thus the VVI method can measure
aspects of cardiac function that were previously not measur-
able with other methods.The Effectiveness of LV Twist
Echocardiographic measurement of LV twist has enabled
the evaluation of asynchronous LV14 and acute myocardial
ischemia15 for further studies. The studies evaluated the re-
lationship between cardiac resynchronization therapy (CRT)
and LV twist. It concluded that peak LV torsion and LV
twist at aortic valve closure had the highest sensitivity and
specificity for predicting patients with responses to CRT.
The latter study showed that the decrease in LV twist corre-
lated with the extent of asynergic area and global LV func-
tion. In contrast, Zang and colleagues16 reported that LVrdiovascular Surgery c Volume 141, Number 3 719
FIGURE 1. Endocardium was tracked. It was divided into 6 parts. Vector Velocity Imaging calculated angle, then average of 6 parts was calculated for base
(A) and apex (B). C, Finally, left ventricular (LV) twist angle was calculated by subtracting basal rotation from apical rotation.
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in LV global and short-axis function in those with responses
to CRT. Those without responses showed further reduction
in LV torsion. Considering that LV twist is mainly caused by
long-axis fiber contraction that occurs in an oblique manner
and in opposite directions from epicardial and endocardial
muscle layers, their finding seems to be compatible with
lack of improvement in LV twist after CRT. Further investi-
gation is recommended.720 The Journal of Thoracic and Cardiovascular SurgOriginality of This Study
Although the VVI method is unique, its main purpose in
this investigation was not to assess heart valve disease. To
our knowledge, this study is the first to compare LV twist be-
fore and after MVP in human patients. Some studies of LV
twist, however, have used magnetic resonance imaging tag-
ging instead of the speckle tracking method. Although these
researchers investigated different diseases, some of their
findings are similar to ours. Nagel and associates17ery c March 2011
FIGURE 2. Changes in maximum left ventricular (LV) twist. Pre max LV twist, Preoperative maximum left ventricular twist (mean, 11.7  4.1); Post max
LV twist, postoperative maximum left ventricular twist (mean, 8.2  5.7; P< .05 between time points).
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imaging tagging. They reported that LV pressure overload
was associated with increased torsion and decreased and
prolonged diastolic untwisting in aortic stenosis.
LV Function After MVP
MVP is the standard surgical technique for treating non-
rheumatic MR because the procedure is thought to preserve
LV function after surgery.6 One compelling theory for the
superiority of MVP is that it preserves the submitral valve
apparatus, which maintains papillary–annular continuity af-
ter surgery.7 We assume that papillary–annular continuity
plays an important role not only in dispersing the pressure
toward the entire LV and mitral valve but also in helping
LV twist and untwist to occur during the cardiac cycle.
LV Twist in MVP
In this study, the preoperative MVP group had the largest
maximum twist value (11.7  4.1), indicating that LV
twist increased along with increased SV, which covers
preserved forward SV and regurgitant volume. The preoper-The Journal of Thoracic and Caative MVP group also had a larger LVEDV than did the con-
trol and postoperative MVP groups. At the same time, SV
and CO of the preoperative MVP group were the largest
among the 3 groups, and the LVEF of the preoperative
MVP group did not differ significantly from that of the con-
trol group. These results suggest that the LV muscle of the
preoperative MVP group had to deal with volume overload
caused by MR. Increased LV twist showed this situation. In-
terestingly, there were 6 patients in whom LV twist in-
creased after the operation. Although we could not find
significant differences, the preoperative LVEDV tended to
be larger in the decreased postoperative LV twist group
(144.5  49.9 mL) than in the increased LV twist group
(119.8  28.2 mL). In other words, LV twist may bear a di-
rect relation to LVEDV in MR. We cannot draw decisive
conclusion at this time, but there may be some relationship
between LVEDV and LV twist. LVEF decreased after
MVP. LV volume overload, LV twist, SV, and CO also de-
creased, nearly to the control group values. According to
Suri and associates,18 surgical correction of MR results in
an early decrease in LVEF, particularly in patients withrdiovascular Surgery c Volume 141, Number 3 721
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FIGURE 4. A, Left ventricular (LV) twist. Preoperative mitral valve repair
group (PreMVP) versus postoperativemitral valve repair group (Post MVP)
P<.05. Control versus preoperative not significant. B, Left ventricular twist
and antitwist velocity. Preoperative mitral valve repair group (Pre MVP)
versus postoperative mitral valve repair group (Post MVP) not significant.
Control versus preoperative not significant.
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reported that the change in LVEF during the early postoper-
ative period was8.8%  10.7%, which was similar to our
results. We consider this to have occurred because preoper-
ative regurgitant volume diminished almost completely after
the operation. Our data also showed that postoperative
HR was faster than preoperative HR, suggesting that CO
recovery was enough to decrease LV twist.
LV Untwist in MVP
LV untwist is thought to be an indicator of LV diastolic
function. Some researchers have evaluated diastolic function722 The Journal of Thoracic and Cardiovascular Surgwith LV untwist by speckle tracking.19 LV untwist starts
early during the isovolumic relaxation phase and proceeds
throughout the early filling phase, releasing elastic energy
stored by the preceding systolic deformation. LV untwist
may be a useful diastolic function marker or even serve as
a therapeutic target for improving diastolic function. Ac-
cording to Takeuchi and coworkers,19 diastolic function is
impaired in hypertension and LV hypertrophy; however,
we did not observe a significantly decreased untwist in this
study. We assume that a reason for this finding was that
the study subjects did not have LV hypertrophy and hyper-
tension. LV twist augmentation also normally leads to aug-
mented LV untwist. Although the effects of progression of
MR and operative invasiveness on LV untwist are vague,
MR and operative invasiveness did not impair LV untwist
after the operation. Considering the nature of LV twist,ery c March 2011
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significantly different. Burns and colleagues20 reported
that untwisting parameters are related to LV relaxation and
suction, which are necessary for normal LV diastolic filling.
Presto untwisting and smooth legato filling are necessary for
the normal heart. From this point of view, it was expected
that preoperative LV untwist would be faster. Although,
there wasn’t significant difference, there was a tendency
for the preoperative MVP group to have a faster LV untwist
than the postoperative MVP group. In terms of diastolic
function, not only LV untwist but also early/late ventricular
filling velocity ratio showed no significant difference
between the preoperative and postoperative MVP groups.
Although there was no significant difference, a study involv-
ing larger number of subjects is needed to verify this finding
for LV untwist.
The Relationship Between LVEF and LV Twist
The relationship between LVEF and LV twist is still un-
clear. We found that when LVEF increased, LV twist also
increased preoperatively. When LVEF decreased, LV twist
also decreased postoperatively. We cannot clearly state
whether the relationship between LVEF and LV twist is lin-
ear, however, nor whether there is any causal relationship.
Tibayan and associates21 reported that progression from
acute to chronic MR is accompanied by decreased and de-
layed systolic LV torsional deformation and a decrease in
early diastolic recoil, which may contribute to LV dysfunc-
tion. Kanzaki and coworkers22 reported that systolic torsion
amplitude was impaired in proportion to LV function in pa-
tients with dilated cardiomyopathy and poor LV function
(LVEF 27%  8.0%). Although their study suggested
that LV twist decreases as LV function deteriorates, we as-
sume that during the early stages of chronic MR, when
good LV function is maintained, LV twist does not decline.
In another study, Notomi and associates23 showed that LV
torsion and untwisting velocity increase with exercise. Ac-
cording to this study, LV twist still has a reserve in the early
stages of chronic MR; however, LV twist may still decrease
during the end stages of MR.
Potential of LV Twist Measurement
LVEF is believed to be an important indicator for surgery
because it does not recover after surgery if it decreases below
55%.24 Furthermore, quantitative grading ofMR is a power-
ful predictor of the clinical outcome of asymptomatic MR.25
We cannot clearly state that changes in LV twist in a failing
heart are caused by chronic severe MR; however, changes in
LV twist might provide additional information regarding the
correct timing for surgery.
Study Limitations
Because the study included a small number of subjects,
the MVP procedures were not identical. Additional studiesThe Journal of Thoracic and Cawith larger numbers of subjects are needed. In addition, al-
though the echocardiography technician had extensive expe-
rience, the 2D plane may have been somewhat oblique,
thereby leading to different results with the VVI software.
Repetition of this clinical investigation with volume me-
chanics would be valuable. Further investigation is needed
to determine more clearly the role of LV twist.
In terms of LV untwist, this study had a power of 0.5 to
show a statistically significant difference of 50/s or more
(P¼ .05). According to Takeuchi and coworkers,19 diastolic
negative velocity was59.4  23.4/s. This study theoreti-
cally had a power of 0.88 to show a statistically significant
difference of25/s or more in the LV untwist with a P value
of .05. In our study, however, our data varied widely that
there was only a power of 0.10 to verify that the difference
between preoperative and postoperative untwist was signif-
icant. If 100/s was the significant difference, our sample
size had enough power (1.00). Thus the effect of MVP
related to pure nonrheumatic MR untwist is still unclear.CONCLUSIONS
The 2D speckle tracking imaging described here is a non-
invasive assessment procedure that provides a new under-
standing of the effect of LV function before and after
MVP. The results of this study suggest that although the re-
lationship between LVEF and LV twist is unclear, LV twist
is increased with increased LV output before MVP in pa-
tients with well-compensated MR, and LVEF and LV twist
are decreased after MVP. LV untwist, which represents dia-
stolic LV function, did not differ significantly between the
study groups. In conclusion, MVP, which preserves mitral
valve and LV continuity, preserved LV twist after surgery.
We thank Dr Osamu Takahashi for help in statistical preparation
of the data. We also thank echocardiographic technician, Minoru
Shobusawa, for his help with echocardiography.References
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